rare encounters with very dense clouds. We will show that encounters with abundant clouds of low density cannot produce comet showers; cloud density N > 10 3 atoms cm -3 is needed to produce an intense comet shower leading to earth impacts.
Furthermore, the tidal field of a dense cloud during a distant encounter is too weak to produce such showers. As a consequence, comet showers induced by res will be far less frequent than showers caused by passing stars. This conclusion is independent of assumptions about the radial distribution of comets in the inner Oort cloud.
-2 -We first review the conditions for bringing comets from the Oort cloud into earth crossing orbits. Because of perturbations by passing stars, comets with a given binding energy and sernimajor axis a will be found in orbits with all perihelia down to a limiting value :::.15 AU which is determined by interactions with the major planets. 8 ,9 When the perihelion distance q of a comet falls below about 15 AU it will gain or lose energy by interaction with Jupiter and Saturn. The interaction takes place near the perihelion of the large highly eccentric comet orbit ( q «a). The fractional change in velocity of the comet caused by the planets is small, so the fractional changes of angular momentum L and perihelion distance q are both small. However, near perihelion the kinetic and potential energy of the weakly bound comet are nearly equal but of opposite sign, and the mean change of energy caused by Jupiter and Saturn is larger than the very small binding energy of the comet. If energy is gained, the comet may escape from the solar system entirely, while if energy is lost, the new sernimajor axis of the comet's orbit is reduced to a fraction of the previous value, but q is nearly unchanged. The comet is again perturbed by the major planets during its next perihelion passage and gains or loses energy randomly. This process continues until the comet is destroyed or ejected from the solar system. As a consequence, the solar system inside the orbit of Jupiter is screened off by the major planets unless a comet in a highly eccentric orbit with q ~ 15 AU loses enough angular momentum during one orbit to bring it into an earth crossing orbit (q $; 1) at its next perihelion passage. We use the convenient units of solar mass MO' length in AU and time in yrs. In these units the gravitational constant G = (21t)2. The required change in specific angular momentum L\Llm ~ 26 AU 2 /yr., since Lim:::. 21t (2q)1I2 for a nearly parabolic orbit in these units. For orbits with a ~ am:::' 2.5x10 4 AU the screening is not effective since the tidal field of the Galaxyll as well as numerous weak interactions with passing stars 8 are strong enough to change the comet's specific angular momentum Lim by more than the required amount in a single period P = a 312 of the comet As a result the earth is exposed at all times to a statistical sample of the comets which have a > am' and the flux of such comets will not be changed by a perturber. Hills 12 suggested that the comets in the Oort cloud with a ~ 2xl04 represent only a "halo" containing:::. 1 % of the comets in a more massive "inner Oort cloud" consisting of comets with 3xl0 3 AU$; a $; 2x10 4 AU, and that the outer cloud comets have been supplied by scattering of inner cloud comets into the loss cone by relatively close stellar passages, followed by scattering by the major planets into higher energy orbits. He estimated the density of the inner cloud by several methods, and calculated that the close passage of a star at a distance :::.3x10 3 AU would produce a -3 -comet shower from the inner cloud so intense that several earth impacts would result. Hills 13 calls this a "death shower" .
In the presence of a static or slow moving perturber, the solar system comets move in a non-central gravitational field, so their angular momentum about the sun is not conserved. The rate of change of angular momentum of a comet is given by the torque from the tidal field of the perturber. The change of angular momentum L of a comet during time dt will be: elL= m ~v x R = m x dA/dx dt sin 0 dt = m dA/dx d 2 sin 0 cos 0 dt (1) where the perturber is in the x direction and dNdx is its tidal acceleration, 0 is the angle between the semimajor axis of the comet orbit the perturber, m is the comet mass and d is its distance from the sun. The tidal field inside a diffuse object such as a molecular cloud is dNdr = (321t 3 /3) p in the approximation of a spherically symmetric cloud of uniform density, since the acceleration A = G Mlr 2 , and the mass M = 41t/3 r3 p, where r is the central distance. Outside the cloud dA/dr = (321t3/3) P (R/r)3 where R is the cloud radius. In more conventional units p = 2.8xlO-18 N MO AU-3 where N is the number density of hydrogen atoms/cm 3 , so (dA/dr) = 9.3xlO-16 N inside the cloud.
The effective duration of interaction during a penetrating encounter T:::::: Rlv. So long as T < P = a 3 / 2 the comet period, we can use the impulse approximation in which we integrate dL over the time Rlv. A large fraction of comets in highly eccentric orbits with a given a will be found near aphelion at any given time, since a comet in a highly eccentric orbit is at a distance d ~ a during (2) where R is in parsecs and v in km/s, we take v "" 20 km/s, the velocity of the sun with respect to the local standard of rest. 15 Then the condition T = Rlv < as 3/2 is satisfied if N < 1.8xl05 R-7/3 in these units. It may be noted that the value of as during a close or penetrating encounter with an interstellar cloud depends directly on the cloud density rather than the cloud mass.
-4 -Values of as were calculated for each class of IC given in Table I Fig. 1 along with 't the mean interval between encounters. For comparison we give the rate of encounters and 't vs as for comet showers induced by passing stars, after Hills. 12 The abundant "standard" clouds which have typical density N ~ 10-30 atoms cm-3 are encountered frequently (t ~ 1-3x10 7 yrs), but the calculated value of as ~ 7x10 4 AU. Since the loss cone for comets in the Oort cloud with a > 2xl04 AU is kept filled by the Galactic field, encounters with "standard" clouds do not produce any increase in comet flux. In fact even an encounter with a cloud with N ~ 10 2 (Lynds dark nebula class j=l) would give ai ~ 2.4xl04 AU and would not produce a comet shower. Encounters with denser clouds (Lynds classes j=2 to j=6) with 2x10 2 ~ N ~ 5x10 3 would reduce as sufficiently to produce comet showers, but at very long intervals (see Fig 1) . The plotted values of as and t for GMCs are based on mean density N ~ 290 (Rl10 parsecr O . 75 atoms cm-3 and size 10 ~ R ~ 40 parsecs. 16 The results are unchanged if the GMCs are taken to be "clumpy" with higher density subclouds (R ~ 2 pc and N ~ 10 3 ). 17 Stothers 3 suggested that the relevent perturbers might be the dark matter in the disc of the Galaxy. If the dark matter is diffuse with a scale of several parsecs, then the analysis of this paper applies and the production of a death shower requires a density N > 10 3 , or 25 MO pc-3.
The inequality R/v < as 3/2 is not satisfied in an encounter with a large GMC (R > 20pc), so the effective duration of interaction is limited to one comet period. If, contrary to the estimates of Hills,12 the density of cornets in the inner Oort cloud increases very rapidly with binding energy, then a death shower could possibly be produced when a r """ 10 4 AU. Even then, a cloud with N > 10 3 (Lynds class j=4) would be required, and the frequency of encounters would be about one in 4.5x10 8 yrs, only 1/10 of the rate of showers with the same as which are induced by passing stars (see Fig 1) . Then the rate of star induced death showers would be comparable to the rate of periodic mass extintion events, practically eliminating the need to invoke perturbations by interstellar clouds, or by a companion star, to produce several death showers per 10 8 years, although the star induced showers would occur at random intervals.
We conclude that encounters with dense interstellar clouds or with GMCs cannot be the reason for mass extinctions at """ 30 Myr intervals 2 if caused by earth impacts from intense cornet showers.
-6 - 2.3x10 4 AU (marked by the dashed vertical line). The semi-major axis as of the smallest comet orbit which can be perturbed into an earth crossing orbit by a given class of IC is indicated, along with the cumulative rate of encounters with all classes of ICs which give smaller as. The corresponding mean time between encounters t is also given. It is much longer than 30 Myrs, the interval between mass extinctions. The solid line gives the rate of stellar encounters which will bring in comets from a given~, after Hills. 12 This rate is several times greater than that due to ICs, so passing stars induce many more comet showers than do ICs. Reduction of as below 4x10 3 AU is required to produce an intense "death shower" causing earth impacts. 13 ICs are not dense enough to accomplish this.
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